Copy number variations (CNVs) that are frequent in genome influence on susceptibility of various diseases including cancers. The present mini-review focuses on CNVs associated with susceptibility to the cancers. Since CNVs are different between cancer types, the analysis of the specific CNV makes it possible to estimate the susceptibility to the cancers of interest in individuals. Although it is true that available data on CNVs associated with cancer susceptibility are limited at present, accumulation of the data is accelerated with the research progression of CNVs in near future. Information on CNVs associated with cancer susceptibility is useful for not only cancer research but also personalized healthcare including cancer prevention.
Introduction
In general, carcinogenesis guided by a multistep process is influenced by genetic and environmental factors, of which relative significance varies among individuals even with the same type of tumors [1] [2] . Cancers are categorized into "hereditary" or "sporadic" types based on individual hereditability. In hereditary cancers, hereditary genetic properties provide cells with high cancer susceptibility, and a contribution of environmental factors to cancer development is rather complementary [3] [4] . In sporadic cancers accounting for >80% of cancers, in contrast, the environmental factors play more crucial roles than in hereditary cancers [5] [6] . A question remains, however, whether genetic backgrounds have a considerable effect on the susceptibility to sporadic cancers. In a chemical carcinogenesis model, carcinogenicity depends on genotypes of a mouse; chemical carcinogens cause cancer preferentially in mice with the particular genetic backgrounds [7] . In addition, a cohort study in twins reveals that, when one of a twin is affected by cancer, the other has the same type of the cancer at high incidence [6] . These findings suggest that the genetic backgrounds are associated with increasing or decreasing the risk of cancer by environmental factors such as exposure to carcinogens and that the susceptibility to sporadic cancers is influenced by genetic factors to various extents.
In terms of genetic backgrounds affecting susceptibility to sporadic cancers, single nucleotide polymorphisms (SNPs) may come uppermost. There are many reports on SNPs associated with risk for a variety of sporadic cancers, though their contributions to modifications of cancer risk are generally small [8] - [12] . Indeed, odds ratios of carcinogenesis estimated by SNPs are 1.1 -1.2 at most. The identification of more reliable markers capable of precise estimation of susceptibility to sporadic cancers in individuals is necessary for personalized healthcare including cancer prevention and early detection for the benefit of peoples. Recent technologies such as arraybased CGH (aCGH) and next generation sequencing (NGS) for comprehensive analysis of genome provide detailed information on structural differences between individuals, and facilitate the identification of CNVs associated with cancer development. Copy number variation (CNV) and copy number polymorphism (CNP) have been reported as a representative of large structural variations of genome by Sebat [13] and Iafrate [14] , respectively in 2004, and now it is widely appreciated that the CNV (or CNP) is one of the most prevalent human genomic variations. Genome-wide association studies (GWAS) using these genetic methods have revealed that a part of CNVs play important roles in the development of complex pathological conditions such as birth defect, neurodevelopmental disorders, psychiatric diseases, and autoimmune diseases [15] - [17] . Furthermore, it has been accumulated as evidence that certain CNVs affect cancer susceptibility in individuals [17] [18] . The concept of CNVs associated with cancer susceptibility can explain well a difference in the frequency of sporadic cancers between individuals under the same environment. The CNVs associated with cancer susceptibility have been reported in dogs [19] , mice [7] and chickens [20] as well as in human. The analysis of CNVs associated with cancer susceptibility CNVs allows us to estimate individual susceptibility to each type of cancers. Although data on CNVs associated with cancer susceptibility are still limited at present, further studies of the CNVs will bring about a new strategy against cancers. This review gives brief information on CNVs and highlights the associated susceptibility to sporadic cancers.
Copy Number Variations (CNVs)
Two copies of each autosomal region are normally found in genome, though there are many regions in genome where copy number is different between two persons [21] . These unique regions are referred as CNVs, which are one of the most representative structural genomic variations. The size of CNVs ranges from 1 kilobase to several megabases and the average size of CNVs is 2.9 kb [22] . CNVs are widely distributed throughout the human genome in which approximately 300,000 CNV regions have been identified [23] . CNVs are frequently found in pericentromeric and subteromeric regions where it is known as heterochromatin regions and late replicating regions [24] [25] . CNV regions totally occupy 12% of whole genome [26] . As much as 0.2% (six megabases) of the human genome varies in copy number between two individuals [27] . An average number of CNVs in individuals is 1100 [22] . CNV shared by more than 1% of a population is called copy number polymorphism (CNP) [13] [21] . CNPs are typically small in size (most are less than 10 kb in length), and they are often enriched for genes that encode proteins important in drug detoxification and immunity [28] - [31] . Interestingly, more than 40% of CNVs contain annotated genes implicated in cell growth and metabolism [22] , and 40% of the cancer-related genes are disrupted by a CNV [17] . Generally, CNVs are stable and can be inherited. However, there are CNVs that arise spontaneously during meiosis or at an early stage in embryonic development. These are referred to as de novo CNVs, which may frequently give rise to phenotypic changes as compared with inherited ones [27] [32] . The presence of de novo (non-inherited) CNVs is verified in cases of homozygotic twin [33] . Mosaicism for CNV that can occur at any stage of development is not rare in human stem cells, somatic cells and induced pluripotent stem cells [34] - [37] .
CNVs can be categorized into two types, common and rare variants, based on the frequency. Common variants (>1% population frequency) account for more than 80% of all CNVs [27] . The most of CNVs have noth-ing to do with cancer development, though a part of common CNVs is involved in the development of common diseases [27] . However, it is not simple to relate these CNVs to susceptibility of the disease, because usually they modestly affect the disease development. In contrast, rare CNVs (<1% population frequency) are frequently pathogenic and inducible in susceptibility to diseases including cancer due to the loss or disruption of tumor suppressor genes [18] . However, the underlying mechanisms of CNVs for cancer development still remain not to be clarified.
CNVs Associated with Cancer Susceptibility
Cancer susceptibility is different even between individuals exposed to the same carcinogen [7] . CNVs modulate (increase or decrease) the risk of sporadic cancers in individuals [38] . The CNVs associated with cancer susceptibility are also different between types of cancers. This indicates that the analysis of CNVs associated with the particular type of cancers allows us to estimate susceptibility to the cancer in individuals. Carcinogenesis is generally influenced by multiple genes. The interaction among CNVs associated with cancer susceptibility, usually, increases (or decreases) cancer risk on cells as anticipated as well as the interaction between CNVs and environment factors [39] - [41] . Rare CNVs are also involved in the development of the pediatric tumors including lymphoma and leukemia [42] [43] . Available data on CNVs related to cancer susceptibility are summarized in Table 1 , in which large odds ratios are characteristic. CNVs related to cancer susceptibility have greater advantages in estimating cancer risk in individuals as compared with SNPs [8] - [12] .
Glioma
Glioma is one of representative brain tumors. The copy number of a CNV located at 16q23.1-16q23.2 including WWOX is associated with susceptibility to glioma; the decrease in the copy number of the CNV increases a possibility of glioma development [44] . The odds ratio for glioma development is reported 1.21 for 1-copy loss and 1.94 for 2-copy loss. 
Neuroblastoma
Neuroblastoma is representative pediatric tumors, and most of them arise sporadically. It is appreciated that specific genes including PHOX2B (paired-like homeobox 2b), ALK (anaplastic lymphoma receptor tyrosine kinase), and ATRX (alpha thalassemia/mental retardation syndrome X-linked) involve the development of neuroblastoma [45] . In addition, a CNV associated with susceptibility of neuroblastoma has been reported; a loss of a CNV at 1q21.1 (including NBPF23) increases the risk of sporadic neuroblastoma (OR = 2.49) [46] [47].
Nasopharyngeal Carcinoma (NPC)
NPC can occur in the throat of children and adults. The overrepresentation of CNVs has been reported in patients with nasopharyngeal carcinoma (NPC) compared with unaffected controls. A CNV located at 6p21.3 shows the highest association with NPC; a single-copy deletion of the CNV increases the risk of the disease [48] .
In particular, the association of the CNV with an increased NPC risk is more specific in males with odds ratio of 18.92.
Esophageal Squamous Cell Carcinoma (ESCC)
ESCC is common in Asian countries including China and Japan. A CNV at 13q32.1 is associated with esophageal squamous cell carcinoma (ESCC) risk in Chinese persons [49] . A gain of a gene ABCC4 included in the CNV region activates oncogenic pathways, resulting in increase in the risk of ESCC (OR = 3.36). However, no reports on esophageal adenocarcinoma frequent in Western countries have been found as far as we have searched.
Gastric Cancer
Gastric cancer is one of the most frequent malignant tumors in Asia and South America, and many investigators have made a variety of studies of the disease. However, we have found one report on CNVs associated with gastric cancer. Tsai et al. reported that a loss of a CNV at 5q22 including APC-exon 9 gives rise to a high risk of the disease [50] .
Colorectal Cancer (CRC)
Colorectal cancer (CRC), which is frequently seen in advanced countries, has been studied well from a variety of aspects. However, data on CNVs associated with CRC susceptibility are limited at present. The deletion of UDP-glucuronosyltransferase (UGT) enzyme gene UGT2B17 at 4q13 is associated with a decreased CRC risk (OR = 0.82) [51] . A gain of CNV at 12p12.3 including RERGL gene has been reported to increase the risk of CRC development even in persons with familial CRC [52] . In addition, CNVs may affect not only the risk of CRC but also the onset time of the disease [53] .
Pancreatic Cancer
Pancreatic cancer is recognized as the most malignant tumor. Only a few studies are available on CNVs associated with susceptibility to pancreatic cancers [54] [55] . A CNV at 6q13 is implicated in pancreatic cancer susceptibility [54] . Persons with one copy of the CNV show higher risk of pancreatic cancer than those with two copies (OR = 1.31). A CNV region containing YTHDC2 gene has been identified as a susceptible marker to pancreatic adenocarcinoma; one-copy loss of the CNV is found exclusively in patients with pancreatic cancer [55] . There is, however, controversy about the presence of CNVs associated with pancreatic cancer susceptibility [56] .
Lung Cancer
Although the frequency of lung cancer is increasing in the world, a little has been reported about CNVs associated with susceptibility of lung cancer. The increase in copy number of a CNV at 1q32 encompassing the mitogen-activated protein kinase-activated protein kinase 2 (MAPKAPK2) promoter region increases the risk of lung adenocarcinoma [57] . The risk of lung cancer is higher in persons with four copies of the CNV than in those with two or three copies (OR = 1.94). Another CNV associated with lung cancer is identified in Chinese [58] . The risk of lung cancer depends on the copy number of the CNV at 16q23 containing oxidoreductase (WWOX); the deletion genotype of the CNV increases the risk of lung cancer (OR = 1.39). Recently, Yang et al. have reported that ≥4-copy of CNV in the nicotinic acetylcholine receptors (nAChRs) increase risk of lung cancer [59] . Lung cancers are classified into histological subtypes for the difference in therapeutic regimen. CNVs associated with the cancers may be different among histological subtypes, but such data have not been available.
Breast Cancer
Breast cancer risk assessment has been made [60] [61] . A deletion of a CNV in gene APOBEC3 increases breast cancer risk, with an odds ratio of 1.31 for a one-copy deletion and 1.76 for a two-copy deletion [62] . Copy numbers of CNVs on 1p36.12, 3q26.1, 15q26.3, and 22q12.3 considerably affect the susceptibility to breast cancer, with odds ratios of 3.3 to 15.6 [39] . Interestingly, the combination of two CNVs within 15q26.3 increases the accuracy for the prediction of breast cancer; 80.3% sensitivity, 80.6% specificity, 82.4% positive predictive value, 78.3% negative predictive value, and 22.3 of odds ratio [39] . CNVs also increase or decrease cancer susceptibility in patients with mutations in high-penetrance genes as well as in those with sporadic cancer. In cases of familial breast cancers, CNVs in RPA3, NBN (NBS1), MRE11A and CYP19A1 are involved in cancer development [63] . There are rare CNVs that are associated with early familial onset of breast cancers devoid of mutations of BRCA1/BRCA2 [64] . In individuals with familial BRCA1/2-negative breast and ovarian cancer, a CNV at 3p11.1 affects carcinogenesis; an intronic deletion in the EPHA3 receptor tyrosine kinase increases the fulminating risk of the disease (OR = 1.96) [65] . The deletion variant of a CNV at 8p22 including mitochondrial tumor suppression gene 1 (MTUS1) also decreases the risk for familial breast cancer [66] . It may be natural to hypothesize that a certain CNV influences on molecular subtype of breast cancer. A deletion of a CNV at 10q24 including CYP2C19 is specifically associated with triple-negative breast cancer (OR = 2.83) [67] .
Testicular Cancer
Data on CNVs associated with susceptibility to testicular tumors are very limited. A CNV at 20q13.1-q13.2 including gene PTPN1 has been reported to be associated with the risk of testicular germ cell cancer [41] . A deletion of the CNV increases the incidence of testicular germ cell cancer with odds ratio of 12.31.
Prostate Cancer
A copy number gain of a CNV at 14q32.33 encompassing IGHG3 gene increases prostate cancer risk in African American men [68] . The deletion of a CNV at 2p24.3 also increases prostate cancer risk and furthermore, it confers aggressive characteristics on prostate cancer (OR = 1.31) [69] . In addition to these CNVs, a CNV at 22q11.23 including gene GSTT1affects the risk of prostate cancer; two and 3 or more copies of GSTT1 increase the risk of prostate cancer with odds ratios of 1.55 and 4.89, respectively [70] .
Urinary Bladder Cancer
The copy number of a CNV at 1p13.3 including glutathione S-transferases Mu class 1 gene (GSTM1) is associated with the risk of the urinary bladder cancer; two copies of the CNV confer lower the risk compared to a single copy of it (OR = 0.56) [71] . This is confirmed by another group (OR = 0.66) [72] .
Lymphoma
Cytogenetic studies are essential for a precise diagnosis in hematopoietic tumors such as lymphoma/leukemia. A few reports on CNVs associated with susceptibility to lymphoma are available. An association is found for duplications in a CNV located at 11q25 in diffuse large B-cell lymphoma (DLBCL) [73] .
Perspective
Carcinogenesis results from the interaction of genetic and environmental factors and the weight of each factor for cancer development may be greatly different between hereditary and sporadic cancers and even between the same types of tumors. It is thought that the genetic factors are less critical for sporadic cancers than for heredi-tary cancer. However, this hypothesis has been changed into a view that genetic factors involve deeply in development of not only hereditary cancers but also sporadic cancers. Genetic factors modulate functions of environmental factors, which are essential for sporadic cancer development. ACNV has recently drawn attention as a reliable marker of cancer susceptibility. Different CNVs are associated with different cancers, as mentioned above. Furthermore, the combination of a few CNVs involved in carcinogenesis can elevate the accuracy in the estimation of individual cancer susceptibility. Analyzing the CNVs allows us to score the personalized risk to the relevant cancer. The odds ratio estimated by the CNVs is much greater than that by SNPs. Available data on CNVs related to cancer susceptibility are very limited at present, and the CNVs have not yet been incorporated into the standard assay systems of cancer risk prediction. Extensive validation and prospective cohort studies should be conducted in large homogeneous populations to identify reliable CNVs associated with cancer susceptibility, and such studies will provide new horizons in human health-care including cancer prevention. The molecular mechanisms of carcinogenesis affected by the CNVs associated with cancer susceptibility will be clarified by further enthusiastic investigations.
